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Abstract 
As the telemetry community transitions into C-band with an ever increasing number of 
simultaneous targets on the range, there is a strong desire to track multiple targets from a single 
asset in all three telemetry bands. Through the AirPA program, Raytheon has developed a tri-
band, multi-target telemetry reception system which is capable of tracking targets in azimuth 
and elevation. During the AirPA Phase 3 test event in September 2014, the element level digital 
beamforming phased array was successfully demonstrated at Edwards Air Force Base in L-
band, S-band, and C-band at a technology readiness level of 6. The system tracked both 
ground and air mobile transmitters using ARTM Tier 0 and Tier 1 modulation techniques. A total 
of twelve simultaneous tracking beams were demonstrated across all three telemetry bands. 
This paper will discuss the results of the demonstration, as well as several possible paths 
forward for the technology.  

 

1. Introduction 
The AirPA system is an element level digital beamforming (DBF) phased array which is capable 
of receiving telemetry streams within the three principle telemetry bands (L, S, and C). 
Supporting telemetry streams up to 30 MPBS with ARTM Tier 0 and Tier I modulation types, the 
AirPA Phase 3 DBF is designed to efficiently use the available telemetry spectrum. The system 
is capable of providing up to twelve beams in L-band, S-band, or C-band with four 70MHz 
Intermediate Frequency (IF) outputs. A block diagram of the system and a picture of the final 
hardware can be found below in Figure 1. 
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Figure 8: S-band C12 Actual Azimuth vs. Autotrack Solution 

 

 

Figure 9: S-band, C12 and Outback BER 

After the flight test completed, the AirPA system was reconfigured to support the L-band flight 
test, Flight 171. At the request of the program office, the DBF was configured to track on all 
twelve beams. Prior to taxi, Beams 1 through 6 were slaved to the Outback boresight tower and 
BER statics were collected. Similar to S-band, as soon as the C12 transmitter was turned on, 
the system initiated track on all six Beams 7 through 12. The C12 LAT/LONG TSPI data from 
Flight 171 can be found below in Figure 10, while the slant range to target and SNR can be 
found in Figure 11. 
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Figure 10: L-band, C12 TSPI Data 

 

Figure 11: L-band C12 Distance vs. SNR 

Throughout the flight test, the system was capable of maintaining track as can be seen in Figure 
12. The accumulated BER for both the Outback tower and the C12 is in Figure 13. 
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Figure 12: L-band C12 Actual Azimuth vs. Autotrack Solution 

 

Figure 13: L-band, C12 and Outback BER 

The following day, September 24th, the system was configured for C-band operations and 
beams 7 and 8 were slaved to the Outback tower while beams 1 and 2 were set to acquire the 
C12 telemetry streams. After the C12 was airborne, the system acquired on beams 1 and 2 with 
a notable lower observed signal to noise ratio compared to L-band. This was expected due to 
the increase in freespace loss at higher frequencies without a corresponding increase in the 
electrical aperture size. The system maintained track on the C12 for approximately thirty 
minutes before changes in the thermal environment required a quick re-calibration of the DBF. 
After the DBF was re-calibrated, it resumed track on both the C12 and the Outback tower. The 
LAT/LONG TSPI data from Flight 172 can be seen below in Figure 14, while the slant range to 
target and SNR can be found in Figure 15. 
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